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SOCIAL ENVIRONMENTAL INSULTS, CRITICAL PERIODS IN BRAIN FORMATION AND 
ADVERSE OUTCOMES IN EARLY ADULTHOOD

Abstract

This paper incorporates recent knowledge on brain development and toxic stress into 
the literature on the detrimental effects of exposure to insult from the immediate child-
hood social environment on later outcomes. This is to improve our understanding of 
how and to what extent age at insult exposure matters for the long-term consequences 
of that exposure and to propose specific hypotheses on when during childhood in-
sult exposure matters and why that is the case. The paper then empirically illustrates 
the degree to which there is a correlation between exposure to known environmental 
insults at specific points in childhood and later outcomes, by analyzing Danish ad-
ministrative data using sibling fixed effects models. I find clear patterns of age at risk 
exposure and subsequent outcomes, however, the patterns do not directly reflect the 
predictions of the hypotheses. This suggests the need for, at least, further refinements 
of the empirical models.
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Introduction

Thinking about life as comprising a number of stages reflects a long tradition in the 
social sciences (e.g. Mead, 1934), as well as in developmental psychology of observing 
and trying to grasp differences in human behavior – and reasons for and consequenc-
es of these differences – across the lifespan (e.g. Freud, 1991). Even the old Greeks, 
the medieval thinkers and William Shakespeare talk about the different ages of man 
(Mintz, 2004; 2015).

In sociology, this interest has spurred the development of the life course perspec-
tive, that is preoccupied not only with how positive and negative transitions, such as 
marriage or divorce, birth and death affect the individual (e.g. Elder, 1974; Glueck & 
Glueck, 1950, 1968; Sampson & Laub, 1993; Laub & Sampson, 2003), but also with 
the importance of the interaction between age at exposure and the nature of the tran-
sition/trajectory (Elder, 1975; Elder & Rockwell, 1979). This latter interest has led to 
the specification of a sequence of life course phases that differ with regards to accept-
able transitions and trajectories, important risk factors and protective factors, which 
includes infancy, childhood, adolescence and adulthood (Werner, 2000 in Hutchison, 
2014).

Yet, with its strong roots in sociology the life course literature does however, seem 
to put its main emphasis on the social or historical construct of age (Elder, 1975; Elder 
& Rockwell, 1979), and pays less attention to age stages that are more closely linked 
to the biological components of human development. Also, in the subfield of the life 
course perspective that is mainly preoccupied with what we may term the sociology of 
social risk exposure in childhood, the age perspective is almost non-existent. Here the 
main focus is on the short- and long-term consequences of transitions and trajectories 
that represent negative insults from the immediate social environment on the child – 
henceforth denoted environmental insults. Examples include parental divorce (Lee & 
McLanahan, 2015; Mitchell et al., 2015), parental stress (Conger et al., 1994), or pa-
rental crime and incarceration (Geller et al, 2011; 2012; Wakefield & Wildeman, 2013)) 
and low, negative or absent resources in childhood (such as growing up in poverty 
(Elder, 1974; Conger et al., 1994). Go-to theories in this subfield are Uri Bronfenbren-
ner’s ecosystem model (Brofenbrenner, 1979; Bronfenbrenner, 1986; Bronfenbrenner 
& Morris, 2007), cumulative risk theory (Rutter & Rutter, 1993; Rutter, 1979) and the 
family stress model developed by Conger and coauthors (Conger et al., 1994). While 
each of these theories provides a highly useful framework for studying transitions and 
trajectories pertaining to low resources and environmental insults in childhood, none 
of them explain the exact mechanism through which age of exposure matters, not 
even with regards to the social or historical construct of age. This means that we are 
left with a – possibly unintended – impression that it does not matter for later outcomes 
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whether an environmental insult occurs at age 3 or at age 12.
The objective of this paper is to introduce a novel understanding into this literature 

of why age of exposure matters for the effect of environmental insults, by relying on re-
cent insights into toxic stress, the link between environmental insults and toxic stress, 
and how such stress affects the developing brain. From these insights we learn that the 
brain – and thus our cognitive and non-cognitive skills - develops in stages and that 
toxic stress experienced at a given age may have more or less detrimental short- and 
long-term consequences, not only overall, but also for specific skills, depending on 
what brain areas are under development at that age.

The benefit of including this perspective in the literature on environmental insults 
is twofold. First, understanding the differential effects of toxic stress across childhood 
will help us understand, organize and motivate existing and future empirical find-
ings on the predictive qualities of age at exposure to environmental insults. Second, 
the improved understanding of why age of exposure matters, facilitated through the 
toxic stress perspective, will help us prioritize scarce resources for the remedy of the 
detrimental consequences of child exposure to environmental insults by taking age at 
exposure into account when considering our target group (Shonkoff et al, 2012).

To reach my objective, this paper starts off by presenting existing theories on the 
sociology of exposure to environmental insults and discussing their disregard for the 
importance of age at exposure. Next it introduces recent insights into brain devel-
opment and toxic stress and integrates these insights into the environmental insult 
framework to produce a credible hypothesis on when insult exposure is most detri-
mental for child development. Last, the paper analyzes Danish administrative data to 
empirically illustrate the degree to which exposure to known environmental insults at 
specific points in childhood affect later outcomes, and to test whether this correlation 
follows specific patterns that we may explain in lieu of knowledge on the developing 
brain. This data covers the entire Danish population rather than just a representative 
sample (as is the case in most surveys), and gives a solid ground for assessing the influ-
ence of exposure at particular ages also to relatively rare insults.

Existing theories on exposure to environmental insults
As already described in the introduction, there are a number of theories that explain 
the short- and long-term consequences of exposure to environmental insults in child-
hood. Often, these theories are developed by psychologists or social psychologists, 
however their focus on the importance of the context – the family, peer groups etc. - 
and “the social” – such as culture and institutions – makes them highly relevant to and 
often used in sociological inquiry on environmental insults.
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Ecological models of human development
The first set of models identifies the dimensions that act as sources of environmental 
insults. A range of empirical studies and subsequent theoretical developments contrib-
ute to this type of models (e.g. Garmezy, 1985; Werner & Smith, 1982; 1992), however, 
the most prominent example of this tradition is the Bioecological Model of Human 
Development formulated and refined over several decades by Professor of social psy-
chology Uri Bronfenbrenner (Bronfenbrenner & Morris, 2007). The driver behind the 
development of this model has been the ambition to introduce the importance of the 
social context into the psychological understanding of human development.
At an early stage this tradition pinpointed the community level, the family level and 
the child level as important focus areas, with key potential risk factors such as the avail-
ability of social support, parenting skills, intelligence and social skills (e.g. Garmezy, 
1985; Werner & Smith, 1982; 1992). Later on, with Bronfenbrenner’s ecosystem mod-
el, focus shifted towards interactions between individuals and links between social 
settings, and this led to the identification of five important systems, the microsystem, 
the mesosystem, the exosystem, the macrosystem and the chronosystem.

In Bronfenbrenner’s theory, the microsystem encompasses interpersonal relations 
that take place in the immediate settings such as family, school, peer group and work 
place. Childhood risk factors in this system could be poor parenting skills or delin-
quent peer group members. A key concept here is proximal processes which describe 
the (quality of the) interaction between individuals (e.g. between mother and child) or 
between individuals and objects in the microsystem.

The mesosystem is the linkage between two or more settings in which the indi-
vidual takes part, such as e.g. school and family or peer group and work place, and 
here, childhood risk factors would be a poor match between family values and values 
in the peer group, such as e.g. attitudes towards delinquency. The exosystem is similar 
to the mesosystem, but with the exception that the individual in focus does not have 
to be part of all interacting settings – an exosystem interaction that could affect child 
development occurs when parents’ work place issues, such as e.g. being laid off, inter-
feres with family life by increasing parental stress and financial hardship. The theory 
describes the macrosystem as our societal blueprint in the shape of culture, belief sys-
tems and material resources, and risk factors here could be cultural practices such as 
the oppression of women that reduces girls’ educational attainment.

The last system is the chronosystem that captures the cumulative effect of interper-
sonal and system interactions over time, with particular emphasis on the importance 
of stability. For instance, studies show that residential instability – i.e. frequent changes 
in home address over time - is a stronger risk factor than low socioeconomic status 
(Bronfenbrenner & Morris, 2007; Brofenbrenner, 1979, Sameroff & Chandler, 1975; 
Cicchetti & Lynch, 1993).

While placing strong emphasis on the importance of the social context, the ecologi-
cal model is not blind to the importance of initial individual predispositions – or more 
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specifically to the importance of biological factors such as genes (hence the addition 
of the word bio- in the model name). This is particularly clear in his 2007-Handbook 
of Child Psychology chapter, where Bronfenbrenner describes how the strength of the 
proximal processes in which a child engages actualizes genes – or heritability – to dif-
ferent degrees (Bronfenbrenner & Morris, 2007).

Life course theory

Aside from being part of the ecosystem model, thoughts on the chronosystem has also 
inspired a subset of theories focusing on the cumulative effect of exposure to specific 
environmental insults (Rutter & Rutter, 1993; Rutter, 1979). This is the cumulative 
risk theory that offers an almost canonized set of important insults – or risk factors - 
which are identified through empirical analyses (Sameroff et al, 1987). Here, the Isle 
of Wight-study identifies six risk factors – 1) parents’ severe marital discord, 2) par-
ents’ low social status, 3) large family size, 4) paternal criminality, 5) maternal mental 
disorder, and 6) foster placement. The Rochester Longitudinal study expands this list 
and identifies 10 risk factors – 1) history of maternal mental disorder, 2) high mater-
nal anxiety, 3) rigid parental attitudes, beliefs and values about child development, 4) 
observations of few positive parent-child interactions, 5) unskilled occupational sta-
tus, 6) low maternal occupational status, 7) disadvantaged minority status, 8) single 
parenthood, 9) stressful life events and 10) large family size (Appleyard et al., 2005; 
Nesmith, 2006, however, see also Flouri, 2008). In addition to specifying these risks, a 
key proposition of the theory is that exposure to just one of each of the 6/10 risks may 
not be that detrimental, rather it is the exposure to multiple risks that matters.

The Family Stress Model

The last theory on the consequences of exposure to environmental insults during 
childhood and adolescence that I wish to present here is the family stress model de-
veloped by Conger and colleagues in 1994. In contrast to the other two theories/
theoretical traditions, this model focuses quite narrowly on one type of insult, namely 
adverse economic conditions and how they affect child outcomes, however it has the 
big advantage of being very specific about the mechanisms driving the effect. Build-
ing on previous empirical research, the model focuses on stress responses to economic 
adversities and how this stress increases not only conflicts between parents, but also 
the potential for financial conflicts between parents and child, while at the same time 
reducing the quality of the parenting. These conflicts and the hostile environment 
that they create are likely to, on the one hand reduce the sense-of-self among the af-
fected children and adolescents and cause them to develop internalizing symptoms 
such as depression and anxiety, or, on the other hand, increase levels of aggression, 
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and through this, externalizing problem behavior. This last outcome may result from 
both children’s direct emotional response to the family stress, and from them imitating 
the coercive behavior for controlling social relations that the parents develop to cope 
with their own stress (Conger et al. 1994).

Moving forward

The three perspectives presented above all provide clear insights that significantly 
improve our understanding of exposure to environmental insults and help design and 
organize empirical analyses on the topic. The Bronfenbrenner model provides excel-
lent guidance for the search of important insults, while at the same time sharpening 
our eye for important sources of environmental insults. The cumulative risk theory is 
highly useful for not only identifying specific types of insults, but for also for promoting 
the cumulative nature of exposure (which is relevant also from a policy perspective). 
Last, the family stress model has the clear advantage of being more specific about the 
modes of transmission and it helps us understand the processes that generate adverse 
outcomes among children and adolescents exposed to environmental insults.

These advantages aside, none of the perspectives explicitly incorporate the insight 
from studies on human behavior, that human development takes place in stages, with 
the take-home message that the consequences of specific environmental influences 
vary across childhood. This insight is present in developmental psychology from its 
early beginning (e.g. Freud, 1991; Montessori, 1966; 1967; 1992; 1994, Piaget, 1936) 
and in some branches of classical sociology (e.g. Mead, 1936). And as mentioned in 
the introduction, the broader literature within the life course perspective focuses on 
age-stage dependency (e.g. Elder, 1974), even if it is less developed with regards to how 
and why age matters. And accepting the insight that childhood is not just one long 
uniformly impressionable phase implies that the impact of a specific insult is likely 
to also vary across childhood, and that one must take into account age at exposure if 
one wants to understand exactly how and when an environmental insult matters for 
subsequent child outcomes.

In this paper I argue that combining these models with recent insights on toxic 
stress and brain development will move the literature on environmental insults into a 
new phase, by specifying why age at exposure matters – or put differently, why child-
hood is not just a homogenous, uniformly impressionable phase. By doing so I do not 
aim to downplay or disregard the key role played by the social and historical context 
in explaining the consequences of exposure to different kinds of risks, but to expand 
the perspective to also – or more explicitly – incorporating the biological element in 
these consequences. The resulting perspective offers more predictive power and an 
improved understanding of the mechanisms behind the detrimental, but nevertheless 
age-graded, consequences of exposure to these insults.
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Bio-sociology and the developing brain
We are currently witnessing a slow, but steadily increasing acceptance among sociolo-
gists of the influence of biologically given pre-dispositions - with genes being the most 
prominent example – on human behavior and on the individual life course (Raine, 
2013; Walsh, 2014; Mitchell et al, 2015). Also sociologists have a dawning awareness of 
how new knowledge on epigenetic processes might resolve the long-standing debate on 
the relative importance of nature vs. nurture – genes vs. environment; we now know 
that how the genome is expressed in any given cell is the result of DNA methylation, a 
process that switches on or turns off specific genes. In some cases methylation happens 
mechanically, but in others, it results from relevant environmental events, i.e. events 
taking place outside the body. This implies that genes never control human behavior 
deterministically, but rather, that observed individual behavior, skills and personality 
is the result of genes, the environment and an ingenious interaction between these two 
factors (Landecker & Panofsky, 2013).

With a very recent piece in Annual Review of Sociology, McEwen & McEwen (2017) 
introduce sociologists to another biological phenomenon, toxic stress, that they believe 
is an important mediator between exposure to environmental insults and subsequent 
adverse short- and long-term outcomes. Departing from their article, my paper shows 
how the toxic stress perspective contributes to the literature on environmental insults 
and significantly improves our understanding of the mechanisms behind the detri-
mental consequences of insult exposure, by discussing the effect of toxic stress on the 
developing brain. In combination these insights will strengthen our tools for interven-
ing against adverse outcomes following environmental insult exposure. To understand 
the importance of this perspective, we must first understand the brain and how it 
develops in stages.

The brain

The brain consists of a large number of brain cells – or neurons with dendrites that 
communicate through synapses. These neurons form a number of centers and layers 
that each or in combination control different dimensions of human behavior. These 
include the cerebellum – or little brain – associated with regulation and coordination 
of movement, posture and balance, and the cerebrum that consists of the cerebral cor-
tex, an underlying layer of white matter and several subcortical structures.

The cerebral cortex is the outer surface of the cerebrum and consists of four lobes 
– of which the frontal lobe (where we also find the prefrontal cortex) is associated with 
reasoning, planning, speech, movement, emotions and problem solving, the parietal 
lobe associated with movement, orientation, recognition and perception of stimuli, the 
occipital lobe, associated with visual processing and the temporal lobe, associated with per-
ception and recognition of auditory stimuli, memory and speech. The cerebral cortex 
is made up of grey matter, which is densely packed neurons (that is also found in the 
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other major part of the central nervous system, the spinal cord).
Underneath the cerebral cortex is the white matter, which is the communications 

line that passes messages between different areas of the brain. The important subcor-
tical structures are the thalamus (associated with sensory and motor functions), the 
hypothalamus (associated with emotions, thirst, hunger and control of the autonomic 
nervous system), the amygdala (associated with memory, emotions and fear) and the 
hippocampus (associated with learning and with spatial, short and long term memory).

The most primitive part of the brain is the brain stem, which is responsible for basic 
life functions such as breathing, heart beat and blood pressure (Roberts & Hanaway, 
1970).

The developing brain - sensitive periods

Precisely timed genetic mechanisms control the development of the brain (Shonkoff 
& Marshall, 2000), and these mechanisms are highly susceptible to different environ-
mental influences, especially during specific sensitive periods (Knudsen et al, 2006). 
Three interlinked features define this sensitivity. First, at the sensitive periods, the 
neural plasticity of the brain is high which means that environmental influences that 
take place during such periods have the potential to massively affect brain architec-
ture. And while we generally perceive the brain to be plastic, this is true to a lesser 
extent outside of the sensitive periods. Second, we mainly find the sensitive periods at 
early stages of human development where genetic codes as opposed to actual experi-
ences are the main controllers of the establishment of brain circuits (Perry, 2002). 
However, due to the plasticity of the brain these genetic codes do not determine brain 
development deterministically as experiences from the environment gained during 
the sensitive periods help strengthen and mature specific circuits and weaken others 
(Knudsen et al, 2006; Zhang & Poo, 2001; Stiles & Jernigan, 2010). Third, at specific 
developmental stages a process called synaptic pruning eliminates the weak and now 
comparatively underdeveloped circuits. This pruning is also susceptible to influences 
from the environment (Knudsen, 2004; Stiles & Jernigan, 2010). Table 1 lays out the 
crucial elements of brain development by child age.

In the first three steps, that mainly cover the prenatal phase, the basic and crucial 
elements of the brain are developed – the neurons, their connections and their posi-
tion in the brain. Because this is where the foundation of the whole structure is laid, 
the prenatal phase, and the first couple of years is a particularly sensitive phase (Qiu 
et al., 2013)

Then, within the first 6 years after birth, there is a massive growth of the grey 
matter of each of the brain areas (Thompson et al, 2000), even if they do not all reach 
neither their peak volume nor their mature levels at this stage. Here e.g. the hippocam-
pus is the first center associated with cognitive skills (and with memory in particular) to 
reach its peak volume in grey matter at age 2. The frontal lobe (including the prefron-
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tal cortex, associated with cognitive skills such as memory and executive functioning) 
reaches its maximum volume of grey matter around age 11 (Giedd et al, 1999), while 
the grey matter of amygdala (associated with non-cognitive skills such as emotions and 
fear) peaks around age 14.

Peaking in grey matter volume does, however, not mean that a brain area has 
reached its full potential and is fully functional (for evidence on the link between matu-
ration and functionality, see Shaw et al, 2007; Sowell et al, 2004). After the peak in grey 
matter volume, a subsequent twofold maturation process takes place. First, the matura-

Table 1: Crucial stages in brain development

When1 What Function Comments

Week 6-18 (pc) The human cortical neurons 
develop

The overall structure and function-
ing of the brain

Week 8-32 (pc) Neurons migrate to their 
appropriate spatial position in 
the brain

Allows neurons of the same classes 
to interact, which secures the over-
all functioning of the brain

Week 26- year 
2-3 (ab)

Accelerated growth of the 
pyramidal dendrites 

Allows neurons to communicate 
with other neurons through 
synapses

Substantial inter-individual 
variation in dendritic tree sizes 
at age 5 – ascribed to combined 
influence from genetic and 
environmental factors

Birth – 2 years The occipital lobe develops, 
reaches its peak volume at birth 
and adult level at age 2

The occipital lobe is associated with 
visual processing

First finalization of domain 
specific development

8 months – 10 
years

The parietal and the temporal 
lobes develop, reach their peak 
volume at 8 months and adult 
level at age 10

The parietal lobe is associated with 
movement, orientation, recognition 
and perception of stimuli, and the 
temporal lobe is associated with 
perception, and auditory stimuli

Birth – 2/7 years 
(ab)

The hippocampus develops, 
reaches its peak volume at age 2 
and adult level at age 7

The hippocampus is associated with 
learning and spatial memory and 
short and long memory. 

10-18 months 
(ab)

Prefrontal cortex and amygdala 
connect

With the prefrontal cortex being as-
sociated with executive functioning, 
the child may now start to reflect on 
her emotions

This connection is not fully estab-
lished until early adulthood

Birth- year 6/11/
young adult-
hood (ab)

Fast outgrowth of frontal lobe 
(including prefrontal cortex). 
The growth rate peaks at age 
6, grey matter volume peaks at 
age 11, and adult levels of ma-
turity at young adulthood (the 
prefrontal cortex matures last)

The frontal lobe is associated with 
reasoning, planning, speech, 
movement, emotions and problem 
solving. The parietal lobe associ-
ated with movement, orientation, 
recognition and perception of 
stimuli

With the maturation of the 
frontal lobe – in particular 
the prefrontal cortex – comes 
increased efficiency in executive 
functioning and control
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tion prunes away inefficient or unused synapses, and second, it streamlines communi-
cation between the brain area and other brain areas through the development of white 
matter. Hence, the hippocampus is fully matured at age 7, prefrontal cortex reaches its 
mature state in early adulthood, and the amygdala around age 18. Both maturation 
processes significantly increase the functionality of the brain areas. However, given 
that the end result of this maturation process relies on what “raw material” it departs 
from in terms of grey matter volume, the period leading up to the peaks in grey matter 
volume represents higher degrees of sensitivity than the period covering the subsequent 
maturation process (Fox et al, 2010; Teicher et al, 2003; Knudsen et al, 2006).

Given the peak in grey matter volume at age 2 and 11 respectively in the two areas 
associated with cognitive skills – the hippocampus and the prefrontal cortex – this 
then suggests that the sensitive period for cognitive skill formation fades from around 
age 11 – even if later environmental influences may also be relevant as they may inter-

When1 What Function Comments

Year 4-18 (ab) The amygdala develops, reaches 
its peak volume at age 14 and 
adult level at age 18

The amygdala is associated with 
emotions (threat and fear, but also 
social behavior and affiliation). 

The amygdala is connected to 
most regions of the brain 

Puberty (ab) The amygdala changes function 
as a result of increased produc-
tion of sex hormones

The salience of some stimuli is 
enhanced (e.g. peer relations) and 
others are reduced (e.g. parental 
separation)

Puberty (ab) Discordance between matura-
tion levels of motivational 
systems (e.g. the amygdala and 
the ventral striatum) and control 
systems (e.g. prefrontal cortex)

The subcortical systems encour-
age risky behavior and due to the 
arrested development of the control 
system the inclination for risky 
behavior wins

This development fits well with 
knowledge that sensation and 
risk seeking behavior increases 
between age 10 and 15

Year 4-21 (ab) White matter increases White matter represents the myelin 
volume. Myelin isolates the lines 
of communication (electric signals) 
between neurons and synapses. 
Better or more isolation is equal 
to higher quality electric signals, 
and thus to better communication 
between brain cells/areas

The pace of the white matter 
increase differs between brain 
areas

1: pc: post-conception, ab: after birth
2: there is less certainty about the development of the amygdala than about the hippocampus.
Table based on Scherf et al, 2013; Uylings, 2006; Purves et al., 2001; Shonkoff & Marshall, 2000; Lu-
pien, et al., 2009; Nelson, 2000; Mergenthaler et al, 2013; Chugani, 1998; Casey et al., 2011.
Note: The empirical literature has yet to establish firm evidence of the direct link between the specific of 
brain areas (structure) and behavioral outcomes (function) (see Pfeifer & Allen, 2012; Casey et al., 2011)

Table 1: Crucial stages in brain development (Continued)
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fere with the subsequent maturation process. Importantly, the literature has had dif-
ficulties in establishing a clear discontinuity in when cognitive skills can no longer be 
altered, so this is likely to be a conservative prediction (see Fox et al, 2010). Given the 
development of the amygdala, and the link between this brain area and non-cognitive 
skills, a conservative prediction of the end of the sensitive period for non-cognitive skill 
formation would be age 14.

Last, puberty is characterized by two interesting developments. First, there is evi-
dence that the function of the amygdala changes as a result of the increased produc-
tion of sex hormones – and that the influence of hormones differs by gender (Teicher et 
al., 2003). As a result, this brain area now responds differently to stimuli and becomes 
sensitive to new types of stimuli. Second, the amygdala and other parts of the motiva-
tional system of the brain matures disproportionately to the prefrontal cortex, which 
means that for this limited period the brain areas associated with sensation and risk 
seeking behavior dominate the areas associated with control and rational thinking. 
This is then the biological explanation of typical teenage behavior. Due to these devel-
opments, puberty then marks a new sensitive period for non-cognitive skill formation, 
where the consequences of earlier experiences that have affected the amygdala, and 
thus the non-cognitive skills at an earlier stage, may now be overridden by new envi-
ronmental insults (Fuhrmann et al, 2015).

In sum, the brain is not “done” until the individual enters early adulthood – at ap-
proximately age 21 – and crucially, the long stretch from conception until this age, is 
not a continuous and linear process where the brain structures develops gradually day 
by day. Rather, the improvements take place in steps, and the different brain regions 
develop and reach their adult level at different stages (Knudsen et al, 2006).

Environmental insults, toxic stress and sensitive periods

Table 1 describes how the brain develops under normal circumstances. However, the 
objective of this paper is to discuss the importance of exposure to environmental in-
sults during childhood and adolescence and how age at exposure matters. Key to 
understanding why environmental insults matter is the knowledge that such exposure 
causes stress (Evans & Kim, 2007). Stress is not only a metaphysical mental state, 
but has a measurable physiological impact by initiating the production of the stress 
hormone cortisol in the hypothalamic-pituitary-adrenal-axis (HPA-axis) (Scherf et al, 
2013). When the brain detects a threat or danger the hypothalamus releases two hor-
mones, corticotropin-releasing factors and arginine vasopressin into the blood vessels 
that connect the hypothalamus to the pituitary gland. Exposure to these hormones 
causes the gland to produce adrenocorticotropic hormones, that it secretes it into gen-
eral circulation. This hormone then activates the adrenal glands and causes them to 
produce glucocorticoid hormones, of which the main is the stress hormone cortisol 
(Stephens, 2012).
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Because the human child relies extensively on parental care environmental insults 
induced by (the sudden) absence or reduction in the quality of such care (either due 
to mother’s mental absence caused by her mental health problems, due to a parent’s 
death, family stress caused by a changed financial situation or parental breakup etc.) 
are very likely to be detected by the child’s brain as a threat to normality or a danger-
ous and unpredictable situation, and thus be a factor that sets the HPA-axis in motion 
(Fish et al, 2004; Gunnar et al., 2009). While occasional and manageable stress is 
natural (Thompson, 2014), repeated or chronic stress has the potential to affect vital 
brain regions (Stankiewicz et al, 2013; Keding & Herringa, 2014; Carrion et al, 2007; 
Ruby et al, 2014; Hodel, 2014; Robinson et al., 2011). This is the toxic stress (McEwen 
& McEwen, 2017). Various empirical studies show how children exposed to environ-
mental insults such as maternal depression (e.g. Essex et al, 2002; Lupien et al., 2000; 
Lupien, et al., 2009), parental divorce/family turmoil (Evans & Kim, 2007) and family 
poverty (e.g. Affifi et al, 2015; Ursache et al, 2015; Lupien et al, 2000) have directly 
measurable elevated levels of stress hormone.

The stress hormone may affect the brain through two channels. First, according 
to the epigenetic perspective stress hormones have the ability to switch on or turn off 
a gene through DNA methylation, thus altering its expression. And importantly, the 
genes in control of the developing brain are particularly sensitive to positive as well as 
negative influences such as stress hormones. In addition, the epigenetic explanation of 
the sensitive periods in brain formation, is that the DNA methylation of genes respon-
sible for brain structures is more likely at specific ages (Stankiewicz et al, 2013; Nagy & 
Turecki, 2012; Roth & Sweatt, 2011; Knudsen et al, 2006; Bagot et al, 2012; Labonté 
et al, 2012). This implies that if the environmental insult happens at a time where these 
genes are more susceptible to DNA methylation, the stress hormone is more likely to 
influence or even kick-start epigenetic processes affecting the brain. If, on the other 
hand the insult happens outside such sensitive periods, it is less likely to affect brain 
development. As additional twist to this, studies show that the DNA methylation that 
occurs as a result of stress also causes the affected brain areas to become more suscep-
tible to subsequent stress and that the reactivity of the HPA-axis itself may be altered 
by exposure to stress hormones (Levine & Mody, 2003; Maccari et al, 2003; Anacker, 
2014; Meaney, 2001; Zhang, 2013).

Second, cortisol is a neurotoxin, which means that excessive exposure of this hor-
mone to the brain may cause cell death and affect the formation of synapses and den-
drites in the developing brain. Scholars have observed this effect directly though scans 
of brains of individuals who have been exposed to toxic levels of stress, which show 
smaller than average size brains in these individuals. More importantly for my aim of 
this paper, scholars have also been able to document how the timing of stress exposure 
matters for what area of the brain gets most affected, reflecting that centers and lobes 
not yet fully developed at the time of the stress exposure are most vulnerable to the 
stress (Lupien et al., 2009; Andersen, 2003). Linking this knowledge to what we know 
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about the developing brain, then suggests that stress exposure before age 11 is likely to 
impair our cognitive skill formation (given that the centers associated with these skills 
peak in neuron density and synapse volume around this age), and that stress exposure 
before age 14 may impair our non-cognitive skill formation (given that this is when the 
volume of the amygdala and the ventral strianum peaks).

Because of the mechanisms described earlier, of how the plasticity of the brain is 
more pronounced during sensitive periods, stress exposure to the developing brain - 
the altered gene expressions and the changes to the brain structures – may have life-
long consequences (Perry & Pollard, 1997; Corbo et al, 2014) and alter the structural 
and functional properties of vital brain areas (for evidence on the effect of early child-
hood stress and adult hippocampal functioning, see Hasselt et al, 2012). Some studies 
even show that the consequences of an early insult may not manifest until much later 
(Andersen, 2003). This then explains not only why exposure to environmental insults 
matter, but also how the timing of this exposure is important for children’s brain de-
velopment – and thus their overall performance, their cognitive and non-cognitive 
skills - not only during the exposure, but also long after. And in addition, there are 
some suggestions that the impact of exposure to insults is cumulative, and if one sen-
sitive period closes at a suboptimal level due to negative influences from toxic stress, 
it impairs the possibilities of successfully finalizing subsequent stages (Knudsen et al, 
2006). This also suggests that failure at a higher developmental stage is less problem-
atic for children who have failed to complete a lower stage, compared to children with 
no previous experiences of failure (Cicchetti & Rogosch, 2002).

In sum, with these insights on toxic stress and brain development we get a very 
clear explanation of a) why exposure to environmental insults during childhood mat-
ters for child outcomes - it produces toxic stress that directly affects brain development, 
b) why the timing of the exposure matters, also for different types of skills - this is be-
cause of the presence of sensitive and critical periods in brain formation and because 
different brain areas are sensitive at different points in time, and c) why it has long 
term consequences – this is because brain plasticity is limited outside the sensitive pe-
riods which makes it less likely that subsequent positive experiences can make up the 
negative experiences taking place during the sensitive periods.

Linking these insights to the social-psychological theories presented earlier on en-
vironmental insults, this then implies that e.g. a micro-system interaction that causes 
an environmental insult may have stronger detrimental impacts on cognitive skills 
when it happens before age 11 than after, that experiencing yet another risk – or insult 
– at age 9 is more significant for non-cognitive skills than experiencing the same ad-
ditional insult after age 18. And that family stress released by father’s unemployment 
during adolescence may have little impact on cognitive skills, but significant impact on 
non-cognitive skills. This is all because environmental insults release stress hormones 
that impact the brain to different extents during childhood.

 And in fact, some of the core elements of the three theories make them indeed 
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very suitable for making this link. Bronfenbrenner talks about proximal processes and 
how they may activate genes – or heritages – which is exactly the point made by the 
studies showing how absence of maternal care causes stress and through this, affects 
child outcomes. Furthermore, the core component of the cumulative risk theory, that 
it is not just exposure to one risk that matters, but rather repeated or chronic stress 
that is correlated with adverse outcomes fits extremely well with the concept of toxic 
stress. And last, the claim made in the family stress model of how the family stress 
causes adolescents to develop externalizing or internalizing behavioral problems also 
complies well with how the toxic stress literature expects stress exposure to affect the 
functioning of the brain and areas responsible for problem behavior. In sum the inte-
gration of the toxic stress perspective and the sociological literature on environmental 
insults is very straightforward, even if the sociological literature shows little regard for 
the age perspective.

Hypotheses

On the basis of the presented knowledge on toxic stress and the developing brain I 
suggest the following hypotheses:
1. Prenatal stress exposure and stress experienced during the first 2 to 3 years after 

birth is likely to affect all brain areas – and thus all types of functioning. This 
all-encompassing effect of stress exposure reflects that during this period, the fou-
ndation of the whole brain structure is laid down.

2. From birth and until age 11, stress exposure may affect cognitive skills in the long 
term as this is the period during which most of the brain areas associated with 
skills such as learning, rational reasoning etc. (i.e. the hippocampus and the fron-
tal cortex) develop and their volumes peak (even if they first mature later on). We 
may even speculate if exposure closer to age 11 than birth is more detrimental 
than earlier exposure, as this leaves less time for subsequent positive experiences 
to reverse the effects, while the important areas are still plastic.

3. From birth and until age 14, stress exposure may affect non-cognitive skills in 
the long term, as this is the period during which brain areas associated with 
skills such as emotions and social behavior (such as the amygdala) develop. Also 
because the amygdala is reorganized in response to the increased production of 
sex hormones during puberty we may expect exposure to environmental insults in 
adolescence to matter for this area of the brain and thus the type of skills it is as-
sociated with.

Existing empirical evidence

There is plenty of evidence demonstrating how childhood exposure to resources and 
environmental insults is correlated with or causally affects short- and long-term out-
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comes (for a review on the importance of father’s unemployment, see Strom, 2003; on 
father’s incarceration, see Murray & Farrington, 2008, for other studies on correla-
tions, see Wildeman & Western, 2010; Geller et al, 2012; Mertz & Andersen forthcom-
ing; Cabrera et al., 2007, for causal studies, see Steven & Schaller, 2011; Andersen, 
2013; Wildeman & Andersen, 2016; Andersen & Wildeman, 2014).

But while – as I have argued above - we have substantial theoretical reasons to 
expect timing of the exposure to environmental insults to matter, empirical evidence 
on this hypothesis is less comprehensive. In particular there is only a limited empirical 
literature on differential effects of insult exposure at different ages. Exceptions include 
Brennan et al (2000), Halligan et al. (2007) and Strohschein (2005) who show that the 
timing of maternal depression and parental divorce matters for child outcomes in that 
later onsets have more detrimental consequences, and in a similar vein Kuramoto et 
al (2013) show how parental suicide during adolescence and early adulthood is more 
likely to increase the child’s own risk of attempting suicide than experiencing parental 
suicide earlier in childhood. Furthermore, Hamman & Brennan (2003), Goodman & 
Gotlib (1999) and Lyons-Ruth (1996) who all show that parental absence, either physi-
cal (e.g. due to death) or mental (due to mental illness that prevent parents from suf-
ficiently caring for their child) is particularly detrimental during the early years. Also, 
Robinson et al. (2011) and Qiu et al.(2013) all find evidence that prenatal stress matters 
more than postnatal stress. While this suggests pronounced effects of both very early 
and relatively late exposure to environmental insults, in general empirical evidence is 
scarce. This could reflect problems pertaining to data limitations where only few data 
sources allow for an exact pinpointing of child age of exposure. Alternatively, the lack 
of empirical evidence may be a signal that even if we have theoretically sound reasons 
to expect age-differentiated effects of insult exposure, the individual (and the human 
biology) masters so many different compensatory strategies that the differences in ef-
fects are smoothed out through the workings of other mechanisms.

To help close the gap in empirical evidence and to test the predictive value of the 
toxic stress perspective in understanding age-graded effects of exposure to environ-
mental insults, the remainder of the paper explores the level of correlations between 
insults exposure at specific ages and later adverse outcomes.

Empirical setup

In Denmark, all residents have a unique personal number that identifies the resident 
in many different aspects; when a resident receives welfare benefits, is incarcerated, 
enters foster care, is admitted to a mental health facility or divorces, it is recorded by 
this number. Furthermore in most cases, such transitions are recorded by the date on 
which it occurs. Statistics Denmark collects this data annually and makes it available 
for statistical and research purposes. Using the personal number we may link registers 
and connect families. Most of this data is available from 1980 onwards, but specific 
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registers start earlier (e.g. the register on foster care starts in 1977), or later (e.g. the reg-
ister on admissions to mental health facilities starts in 1995). Because of the long panel 
and because of the possibility for linking members of families, this data is well-suited for 
studying the correlation between childhood exposure to environmental insults (which 
are often caused by transitions that parents make) and later outcomes. Also, given that 
some environmental insults occur with low frequencies, having a population sample 
increases the likelihood – compared to using a representative survey-based sample - of 
actually observing individuals in the data that are exposed to the insult.

Importantly, the data have some limitations as they contain no subjective measures 
(such as e.g. the quality of the parent-child interaction). Also, the timing of “objective” 
transitions, such as admission to mental health facilities and the entry into foster care, 
do most likely not mark the onset of an insult. Instead such admissions, foster care 
entries etc. are likely to happen at a given number of days or months after the problem 
a. has arisen, and b. has been discovered. Despite this fact, the richness of the data 
both in terms of information and number of individuals contained in the data, makes 
it superior to most other data sources for the purpose of my analysis.

Operationalization of exposure to environmental insults

As my framework for operationalizing environmental insults I primarily draw on cu-
mulative risk theory and the family stress model. This is because of these theories’ 
very specific identification of important insults - as opposed to the more abstract insult 
identification in Bronfenbrenner’s theory – but also because of the extensive empiri-
cal validation of the importance of these insults for later child outcomes (cited earlier), 
and the ample reasons that that gives us for thinking about these insults as sources of 
repeated or chronic stress.

This first of all means that I focus on the following insults:
1. Parents’ marital discord, which I identify as parental divorce/break-up (in case 

the parents were never married), and time more specifically by the date they 
move to separate addresses.

2. Parents’ low social status, which I identify as father’s unemployment (on which I 
know the exact timing down to a weekly basis). I focus on father’s unemployment, 
rather than mother’s since studies show that father’s labor market status matters 
more for family well-being than mother’s (e.g. Andersen, 2013). While low social 
status covers much more than unemployment, unemployment represents more 
of an actual insult to both the financial situation in the household and to the 
well-being in the family (see e.g. Andersen, 2013; 2009). I focus only on extensive 
unemployment which I define as the family being affected by unemployment for 
more than 6 month of a given year.

3. Paternal criminality, which I identify as father’s incarceration (on which I have 
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exact starting and ending dates from the incarceration register).
4. Maternal mental disorder, which I identify as mother’s admission to a mental he-

alth facility (on which I have exact starting and ending dates from the register).
5. The child’s foster placement either in a group home or at a foster family (on which 

I have exact starting and ending dates from the register).

In addition to these insults I also include information on parental death during child-
hood (again something on which the registers provide exact information), as many 
empirical studies show the detrimental short- and long-term consequences of this type 
of childhood experience (for a review, see Dowdney, 2000).1

I code the data such that for insults with a start and end date – such as father’s 
incarceration, mother’s admittance to a mental health facility or foster care – it is the 
entire duration of the insult that matters; while e.g. foster care or father’s incarceration 
may no longer represent an insult in its 3rd year, it is highly likely that both situations 
are sources of chronic stress throughout their duration. For insults without an ending 
date – such as parental divorce or parental death – I code the data such that it is the 
age at the time of the initiation of the insult that matters (age at parental divorce or 
parental death). I acknowledge that experiencing parental death or divorce may be a 
non-negligible source of stress for many years – especially when it occurs in childhood 
– however, this is the only feasible coding of the data.

Second, relying on cumulative risk theory means that I consider the cumulative 
effect of the number of insults experienced at a given age, rather than the separate 
effects of each of a number of specific insults. This choice is guided by the current 
knowledge on toxic stress that does not give us specific reasons to expect one type of 
insult to produce a different type of stress than another type of insult (which is also 
supported by stress studies showing relatively little variation in responses to different 
stressors, for at review, see Gunnar et al, 2009). In addition, this coding fits nicely with 
the insights from the toxic stress literature that it is repeated stress that matters (Rob-
inson et al, 2001). I could also have coded my insult variable such that is represented 
the cumulative exposure up till a certain age. I refrain from following this strategy, at 
it would imply that my estimate of the effects of insults in puberty would also reflect 
insults experienced in infancy, which would be particularly problematic in cases where 
the child only experiences insults in infancy and not later.

1. Note that this list of risk factors primarily represents the risk factors promoted in the Isle of Wright 
study (and the one promoted in the family stress model), which reflects that they are more easily identifi-
able in the registers than the ones promoted in the Rochester Longitudinal study (that includes more 
subjective measures such as rigid parental attitudes, beliefs and values about child development and 
negative parent-child interactions). Note in addition that I exclude the risk factor “large family size” 
(from the Isle of Wright-study), because of its less dynamic nature. Other risks could have been just as 
important to factor in, and the strategy chosen here, and the limited set of risk factors included in the 
analysis merely reflects the illustrative nature of the empirical part of this paper.
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Operationalization of the three hypotheses
Table 1 specifies specific age range within which the different brain areas and thus 
skills develop, and I have also implemented these age ranges into my hypotheses. One 
way of operationalizing my hypotheses in the empirical analysis could then be to test 
the effect of risk exposure within these age ranges on subsequent outcomes. However, 
this may not be the most appropriate approach. First, empirical evidence on the spe-
cific timing of the development of each area is still limited, and we can be almost cer-
tain that the age delimitation is subjected to some degree of variability. Second, from 
the current understanding of the developing brain it is clear that the period leading up 
to the end of a sensitive period is not stable nor clearly defined by specific capacities, 
simply because the brain areas are in the making throughout the period. This then 
calls for a more flexible approach.

Given the nature of the data, with the very detailed information on when a specific 
transition takes place, one strategy could be to specify risk exposure at a monthly level 
and test how this exposure is correlated with the outcome in focus. However, there are 
at least two reasons why this may not be a feasible strategy. First, as mentioned, the 
date of a transition recorded in the registers may not be the day that the environmen-
tal insult occurs – for instance, the registers show us when divorcing parents move to 
separate addresses, however the stress leading up to this transition is probably mani-
fested in the child’s life several months before. Focusing very narrowly on the month of 
the transition overstates the precision of the type of information that we get from the 
registers. Second, even though the registers are rich in information and observations, 
some of the environmental insults studied here are still relatively low in frequency 
(such as e.g. parental death or father’s incarceration), and when specified at a monthly 
level, this low frequency will lead to too much imprecision in the estimated effects leav-
ing a blur of coefficients that reflects lack of data rather than lack of a clearly identifi-
able structure in the effects of exposure to environmental insults.

As a consequence, I code the data such that it allows for differences in effects of 
insult exposure to by child age in years. This operationalization is flexible (though not 
as flexible as the monthly specification), and at the same time, it accommodates the 
imprecision of the registers in reflecting the exact age at exposure.

Sample

From the registers, I select a sample of all individuals born in the years 1991 to 1995 
(N=357,113), who I may follow in the data until they turn 20. I conduct the analysis 
separately for boys (N=183,185) and girls (N=173,928).

I use the registers to specify whether these cohorts have experienced 1) parental 
divorce, 2) paternal unemployment, 3) paternal incarceration, 4) maternal admission 
to mental health facilities, 5) foster care and 6) parental death prenatally in each of 
the years until they turn 18 (i.e. at age 1, age 2, age 3, age 4 etc.). Table 2 shows the 
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distribution of exposure to environmental insults by age and gender, and as shown 
insult exposure is quite evenly distributed across ages. While being slightly lower at the 
prenatal stage and slighter higher in the teenage years, the mean number of insults to 
which the 5 birth cohorts are exposed lies at a very stable 0.1 regardless of the child’s 
age. We also see almost identical insult exposure for boys and girls, which is unsurpris-
ing given that most insults are gender neutral as they reflect parental behavior rather 
than child behavior (and as we do not expect parents of boys to behave differently than 
parents of girls).

To provide a more comprehensive understanding of the nature of the stress that 
the children experience – and to illustrate whether one or more types of insults are 
more common - Figure 1 shows the measure by type of insult (by gender). As is evident 
from panels A and B, father’s unemployment is by far the most commonly experienced 
insult for both boys and girls. The exposure to the remaining types of insults is unclear 

Table 2: Insult exposure by child age and gender. 

Boys Girls

Insult exposure Mean (std.) Min. Max. Mean (std.) Min. Max.

Prenatally 0.07 (0.26) 0 4 0.07 (0.27) 0 3

Age 1 0.10 (0.32) 0 5 0.10 (0.32) 0 5

Age 2 0.11 (0.34) 0 5 0.11 (0.34) 0 4

Age 3 0.10 (0.33) 0 5 0.10 (0.34) 0 4

Age 4 0.10 (0.33) 0 5 0.10 (0.33) 0 4

Age 5 0.10 (0.33) 0 4 0.10 (0.33) 0 4

Age 6 0.10 (0.33) 0 4 0.10 (0.33) 0 4

Age 7 0.10 (0.33) 0 4 0.10 (0.33) 0 4

Age 8 0.10 (0.33) 0 4 0.10 (0.33) 0 4

Age 9 0.11 (0.34) 0 5 0.11 (0.34) 0 5

Age 10 0.11 (0.35) 0 4 0.11 (0.34) 0 5

Age 11 0.11 (0.35) 0 4 0.11 (0.34) 0 4

Age 12 0.12 (0.35) 0 4 0.11 (0.34) 0 5

Age 13 0.12 (0.35) 0 4 0.11 (0.34) 0 4

Age 14 0.12 (0.36) 0 4 0.11 (0.35) 0 4

Age 15 0.12 (0.37) 0 4 0.12 (0.36) 0 4

Age 16 0.13 (0.38) 0 4 0.13 (0.38) 0 4

Age 17 0.14 (0.38) 0 4 0.14 (0.39) 0 4

Source: Own calculations based on data from Statistics Denmark
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from panels A and B due to their low frequencies relative to exposure to unemploy-
ment. Thus to illustrate the frequencies of these other insults, panels C and D are 
identical to panels A and B except that unemployment is left out, which allows me to 
change the scale of the y-axis. From these panels we learn that parental divorce is the 
second most common type of insult experienced – and that it often occurs immediately 
after birth. Next is father’s incarceration and foster care, of which the latter becomes 
progressively more common as the child ages. This is also the only type of insult expo-
sure that differs between boys and girls (boys are more likely to experience foster care, 
which is consistent with previous findings). Least common is mother’s mental health 
hospitalization and parental death.

Because of the massive dominance of unemployment in my insult measure, I test 
the robustness of my results in a specification that leaves out father’s unemployment 
from the measure of insult exposure.

Figure 1: Measure by type of insult

A: Boys B: Girls

C: Boys, without unemployment D: Girls, without unemployment

Source: Own calculations based on data from Statistics Denmark
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Outcome variables
With the rich information from the registers we are able to test the effect of exposure 
to environmental insults on a range of domains, from cognitive to non-cognitive meas-
ures. This richness allows me to test how exposure to environmental insults affects 
both the overall functioning of the brain (hypotheses 1) and functioning within the 
two domains, cognitive (hypothesis 2) and non-cognitive functioning (hypothesis 3).

For this purpose, I focus on 6 outcome measures, that allow me to test the first 
hypothesis that all brain areas - and thus all types of skills and functioning - may 
be affected by stress exposure before age 3, hypothesis 2, that especially cognitive 
skill formation is affected before age 11 and hypothesis 3 concerning the increased 
vulnerability of non-cognitive skill formation up till and around puberty. For this pur-
pose my set of outcome measures capture problems pertaining to overall functioning/
well-being (these are indicators of disconnectedness in early adulthood, of drug use 
and mental well-being), to cognitive skills (indicators of school performance) and non-
cognitive skills or antisocial behavior (criminal activities – but also, to some extent, 
drug abuse).

Table 3 shows the indicators and how I define the outcome measures in the analy-
sis. Furthermore, the last two columns show descriptive statistics in my sample of these 
six indicators, by child gender. All outcome variables are coded as binary indicators, 
that take the value 1 if the child experiences a negative outcome (e.g. mental health 
hospitalization, fails the math test). From the table we learn that girls are less likely to 
be disconnected at age 18 to 19, but more likely to suffer from – or at least are more 
likely to get hospitalized for - mental health problems at that age. Girls are also less 
likely to use drugs. And as could be expected, boys are less likely to fail the math test 
than girls, but more likely to do so on the language test. As shown, compared to girls, 
boys are more likely to get sentenced to an unconditional prison sentence and to use 
drugs.

Models

To study the correlation between the timing of exposure to the specified environ-
mental insults and the outcomes presented in table 2, I rely on two types of statistical 
models. The first model is a standard OLS that shows the mere correlation between 
insult exposure at a given age and the later outcomes in focus. Coefficients produced 
by this type of model will be unbiased under the assumption that insult exposure at 
a given age is uncorrelated with child characteristics – i.e. if children exposed to an 
insult at age 6 are no different from children exposed to an insult at age 7 or 5. This 
assumption is not entirely unrealistic, as the insults that I study pertain to parental 
transitions that may be more or less uncorrelated with child age. Still, from e.g. Fig-
ure 1 we learn that at least some insults such as parental divorce vary significantly by 
child age, which is a signal that insult exposure does not always happen at random 
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Table 3: Indicators, definition and descriptive statistics

Indicator Definition Boys Girls

Overall functioning Mean (std.) Mean (std.)

Recorded status as a 
disconnected youth

No labor market or educational activity at age 
18 and 19 according to November measure-
ments from the registers. 

0.038 (0.192) 0.033 (0.177)

Mental wellbeing Admission to a mental health facility at age 18 
or 19

0.009 (0.103) 0.014 (0.135)

Drug use Three sources: 1) a register on admission to 
a drug treatment program, 2) information on 
admittance to a mental health facility because 
of mental health problems related to drug use, 
3) information from the criminal registers on 
being charged with a drug related crime. All 
measured at age 18 or 19

0.038 (0.192) 0.008 (0.089)

Cognitive skills

Math skills Failing math, final exams in elementary school 
(age 15/16)

0.068 (0.252) 0.073 (0.261)

Language skills Failing language test (Danish), final exams in 
elementary school (age 15/16)

0.0417 (0.199) 0.014 (0.119)

Antisocial behavior/non-
cognitive skills

Serious crime Unconditional prison sentence at age 18 or 19 0.037 (0.211) 0.004 (0.072)

Source: Own calculations based on data from Statistics Denmark

across ages and that some types of insults may be more likely at specific ages for spe-
cific children.

To address this concern, the second type of model that I use is the sibling fixed 
effects model. This type of model allows me to control out unobservable indicators 
of the shared environment of siblings as well as some degree of unobserved genetic 
disposition for experiencing specific outcomes that is shared between siblings (siblings 
share, on average, 50 percent of their genes). As specified earlier, genetic dispositions 
affect brain development and genetic differences between individuals will then intro-
duce noise into the estimates. The sibling model allows me to factor out – at least parts 
of – the genome.

The sibling fixed effects model more specifically controls out the shared environ-
ment and the shared genes, by relying only on the variation that we observe between 
siblings in outcomes and age of insult exposure – or put differently, by demeaning the 
variables using the within-family transformation. Equation 1 shows how this is done 
in families with two kids (and thus one sibling):
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 [1]

Here, outcomeif is one of the six outcomes in focus on this paper for child i (i=1,…., I ) 
in family f ( f= 1, …., F ) and outcomejf is the outcome for sibling j ( j=1,…., J ) in that 
family. Furthermore, Insult exposuretN,i,f is the count variable measuring the number 
of environmental insults to which the child has been exposed at age t=N and Insult 
exposuretN,j,f is the number of insults to which the sibling has been exposed in that time 
period. By focusing on the number of insults to which the child is exposed at a given 
age – and all siblings, except for twins, have different ages - the coefficients that I 
estimate in the model will show the effect of the within-family difference in age at 
exposure on the outcome in focus. This gives me a credible estimate of the effect of 
age at exposure.

Moving on, μi, f is the unobserved family component measured at the individ-
ual level (and which we assume contains both shared family environment and shared 
genes), and μ j, f is the unobserved family component for the sibling. Under the assump-
tion that the family components are identical for the child and the sibling μi, f and μ j, f 
net out, which reduces bias in the estimate of exposure to environmental insults. As 
indicated in equation 1, my empirical model is very simple and does not include in-
dividual level characteristics (which are available in the registers and may easily be 
added) – this choice reflect the illustrative nature of my analysis, but may be changed 
in future versions of the analysis.

Importantly though, also the sibling fixed effects model has some limitations; first, 
by definition it relies only on children of families with more than one child, which 
is likely to be a select sample. Second, if we aim to study the effect of age at insult 
exposure by gender, the model can only rely on families with same-sex children – 
which again may be a select sample. Third, it is debatable whether this type of model 
delivers an actual causal estimate, as the variation between siblings that the model 
relies on, may resort from for instance the remaining genetic differences between 
the siblings, or differences in childhood environment caused by the age differences 
between them (since e.g. the younger children grow up with older parents, that are 
likely to have more resources, given the correlation between (parental) age and wage 
level, labor market experience etc.). All limitations mean that when looking at the 
results, we must bear in mind that they reflect processes observed in a select sample 
and that they reflect causal estimates only under very specific assumptions and for 
specific populations.

Results

This section presents the results from 24 empirical models – one for each of the 6 out-
comes for boys and girls relying on the OLS or the sibling fixed effects models respec-
tively. I present the results graphically, to facilitate a better overview of similarities (or 
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[1] 

 

Here, outcomeif  is one of the six outcomes in focus on this paper for child i (i=1,…., I) in family f 

(f= 1, …., F) and outcomejf is the outcome for sibling j (j=1,…., J) in that family. Furthermore, Insult 

exposuretN,i,f  is the count variable measuring the number of environmental insults to which the child has been 

exposed at age t=N and Insult exposuretN,j,f is the number of insults to which the sibling has been exposed in 

that time period. By focusing on the number of insults to which the child is exposed at a given age – and all 

siblings, except for twins, have different ages - the coefficients that I estimate in the model will show the 

effect of the within-family difference in age at exposure on the outcome in focus. This gives me a credible 

estimate of the effect of age at exposure.  
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differences) in effects of age at exposure across outcomes. Figure 2 and 3, and 4 and 
5 show the results for boys and girls respectively across the three specified domains 
(overall development, cognitive skills and non-cognitive skills). In the Figure, three 
vertical, red lines demarcate the focus ages of the three hypotheses – as hypothesis 1 
focuses on insults occurring until age 3 (marked by the red line at age 3.5), hypothesis 
2 focuses on insults occurring until age 11 (marked by the red line at age 11.5), and 
hypothesis 3 focuses on insults occurring in the period leading up to and at the time of 
puberty (marked by the red line at age 14.5).

Each of the subfigures shows the point estimates of age at exposure (from prenatal 
to age 17) to a given number of environmental insults and their confidence intervals, 
derived from the OLS or sibling fixed effects models respectively. Given my ambition 
of finding common patterns across models, my reading of the figures will primarily 
rely on the point estimates, rather than focusing on confidence intervals and levels of 
significance. As per construction, a positive coefficient marks a positive correlation 
and a negative estimate marks a negative correlation, however also the relative dif-
ferences between the different estimates of age at exposure are worth noting, and my 
interpretation of the figures will focus on these relative differences.

As described in table 2, all outcome variables are binary indicators coded such 
that 1 signifies a negative outcome (crime, disconnectedness, failing a test etc.), which 
means that a less negative coefficient – or more positive coefficient estimated for a giv-
en age at exposure – marks an increased likelihood that exposure to an environmental 
insult at that age has adverse effects. Notice that the subfigures presenting results for 
math and language tests only show results until age 14 which reflects that students take 
these tests at age 15 or 16.

I start with the results for boys relying on the OLS model.

Boys – OLS

Figure 2 shows these results, and from this we learn that age definitely seems to mat-
ter: The correlation between insult exposure and each of the later outcomes relies 
strongly on age at exposure.

But more specifically, a first question is to what degree the figure supports hypoth-
esis 1 on the correlation between the overall functioning of the brain and exposure to 
environmental insults during the prenatal period and within the first 2-3 years of life. 
Here the figure shows the interesting pattern of a positive correlation between insult 
exposure during the first 3 years of life for 5 of 6 outcomes (though stronger in some 
cases than others), and the same positive correlation between the 6th outcome – the 
risk of failing the language test – and insult exposure at age 1. At the same time there 
a negative – or in some cases insignificant - correlation between prenatal exposure 
and the various outcomes. This relatively persistent pattern across outcomes provides 
some validation of hypothesis 1, even if we may speculate why insults occurring at the 
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middle of the period are most important, and why there is negative or no effects of 
prenatal exposure.

The second question is if the evidence presented in Figure 2 supports hypothesis 
2 on the correlation between negative cognitive outcomes and insult exposure before 
age 11. From the discussion of the evidence of hypothesis 1, we learned that exposure 

Figure 2: Results for boys, OLS models

Source: Own calculations based on data from Statistics Denmark
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before age 4 has some effect on cognitive outcome. Zooming in on the following age 
range covered in hypothesis 2 (age 4-11) for the two cognitive outcome measures, we 
learn that insult exposure at almost any age in this period is positively correlated with 
failing either test. The finding should be viewed in lieu of how insult exposure affects 
the other outcomes related to overall functioning and non-cognitive skills to a much 
lesser degree, and in many cases not at all. This is evidence that the period from age 
4 to 11 is indeed and primarily the sensitive period for the cognitive skill formation, as 
suggested in hypotheses 2. We cannot, however, ignore the evidence from the figures 
showing that also insults that occur after the period has ended increase the risk of fail-
ing the tests. This may however be an indication of the maturation of especially the 
prefrontal cortex that follows after the peak in the volume and neuron density of this 
brain area observed at age 11.

The last question is if the evidence presented in Figure 2 supports hypothesis 3 on 
the increased effect of environmental insults on outcomes related to non-cognitive 
skills as we move toward and into puberty. In the analysis I have operationalized 
non-cognitive skills as the propensity to (not) engage in criminal behavior, but another 
useful indicator is drug use. As shown, while there is no correlation between these 
outcomes and insults occurring in the period leading up to puberty, we find a strong 
positive correlation when puberty is in its high, after age 14. This could be a signal 
of the importance of the maturation process that takes place after the amygdala has 
reached its peak volume. Notice also the same correlation between insults occurring 
after age 14 and the two outcomes reflecting overall wellbeing, disconnectedness at 
age 18-19 and the risk of mental health hospitalization.

In sum, while Figure 2 shows some support for the 3 hypotheses – and we see 
clear age dependent patterns – they do not fully predict the correlation between insult 
exposure at subsequent outcomes. Still, while the combined insights that we get from 
Figure 2 does not present a very clear and thoroughly convincing pattern of what are 
the important ages, there is a pattern which makes sense in lieu of the theories.

Boys – sibling fixed effects models

The next figure, Figure 3, shows results relying on the sibling fixed effects specifica-
tion. Again we see evidence of an age-dependent pattern, even if it is less clear than 
what we saw in Figure 2. For instance, the limited effect of prenatal exposure is also 
evident from results relying on this specification, just as the importance of insults tak-
ing place between birth and age 1 seem important. In contrast, we get less clear effects 
of insult exposure between age 4 and 11 on the risk of failing the two cognitive tests. 
However, also this type of model points to the importance for non-cognitive skills of 
insults occurring when puberty is in its peak, and now, we also get noteworthy correla-
tions between insults taking place in the early years of puberty and these outcomes. 
Thus removing some of the possible bias from the estimates using the sibling fixed ef-
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fects model facilitates stronger support of the third hypothesis, but weaker support of 
the second hypothesis, suggesting that part of this finding was driven by specific types 
of individuals’ higher probability of experiencing insults between age 4 and 11.

Figure 3: Results for boys, sibling fixed effects models

Source: Own calculations based on data from Statistics Denmark
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Girls – OLS
Figure 4 below shows results from the OLS for girls, and this figure has many similari-
ties with Figure 2: there is little effect of prenatal insult exposure, but exposure during 
the first three years after birth matters across outcomes. Again we see that insults oc-

Figure 4: Results for girls, OLS models 

Source: Own calculations based on data from Statistics Denmark
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curring before age 11 matter for cognitive outcomes even if insult exposure after this 
age also matters – and in fact seems to be more strongly correlated with negative out-
comes. But in contrast to what we saw for boys, insults taking place during this period 
(from age 4 to age 11), or in particular during the first half, is also positively correlated 
with the non-cognitive skills. Furthermore, we get the same pattern of the importance 
of insult exposure after age 14 that we saw for boys, for both the outcomes related to 
non-cognitive skills and for my overall measures of well-being or functioning (discon-
nectedness and mental health hospitalization).

Girls – sibling fixed effects models

Figure 5 shows the results for girls when I rely on the sibling fixed effects model. This 
set of models supports the findings from Figures 2, 3 and 4 on the importance of age at 
insult exposure, even if the pattern of the coefficients is slightly different.

As shown, there is only little support for the first hypothesis of the overall negative 
impact of insult exposure before age 4, as many of the estimated correlations lie close 
to zero. Yet, to the extent that exposure to insults matter during this period, it is at age 
1 to 2. This is particularly pronounced for girls’ risk of engaging in crime and of failing 
the two cognitive tests.

We also find some support for the second hypothesis of the negative impact of 
insult exposure before age 11 on cognitive outcomes, as early insults (from age 4 to 7) 
are correlated with failing the language test, and insults occurring at age 7 and 11 are 
correlated with failing the math test. In addition, the findings from the OLS models, 
that insults taking place during this age period also affect the non-cognitive measures, 
crime and drug use reappear.

Last, the figure also shows some evidence of the 3rd hypothesis, on the correlation 
between non-cognitive outcomes and insult exposure: insult exposure that happens at 
age 14 and 15 is correlated with both later drug use and crime, and in fact this age also 
seems important for the measures of overall functioning, disconnectedness and mental 
health hospitalization.

In sum, the evidence for girls that relies on the sibling fixed effects model shows less 
support for the three hypotheses. This could be expected given that this specification 
produces more conservative but at the same time more reliable estimates (under certain 
assumptions). Still, the pattern that we have observed, also in Figures 2, 3 and 4, where 
early and late insult exposure seems to matter the most, reappears to a sufficient degree.

As is evident, girls and boys differ with regards to sensitivity, however, the intro-
duction toxic stress and brain development that I have provided in this paper is not 
comprehensive enough that it explains the origin of such gender differences, even if 
scholars have observed gender differences in effects of the sex hormone exposure in 
puberty (Teicher et al. 2003), and gender differences in the brain structures – and sizes 
of specific areas – of children suffering from post-traumatic stress disorder (De Bellis & 
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Keshavan, 2003). Also, while the literature has identified gender differences in brain 
volume and the size of the different areas of the brain at specific ages (e.g. Giedd et al 
(1999) show that grey matter volumes of different brain areas peak at difference ages 
for boys and girls), there is still limited evidence of an interaction effect between gender 
and age on brain development (Ruigrok et al, 2014).

Figure 5: Results for girls, sibling fixed effects models

Source: Own calculations based on data from Statistics Denmark
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Robustness check
As demonstrated in Figure 1, father’s unemployment is the primary source of envi-
ronmental insult, and what Figures 2, 3, 4 and 5 show are then essentially – or at least 
primarily – an effect of father’s unemployment on subsequent child outcomes. To test 
the broader proposition that it is insult exposure in general – and not just father’s un-

Figure 6: Results for boys, sibling fixed effects models, father’s unemployment excluded from insult measure

Source: Own calculations based on data from Statistics Denmark
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employment in particular – which produces the toxic stress, and as a robustness check, 
I rerun my models with a cumulative environmental insult measure that excludes this 
dominating factor. Figures 6 and 7 show my results for boys and girls respectively.

The patterns observed in the robustness check for boys’ insult exposure are very 
similar to what we saw in Figure 3. For instance, again we find a marked difference 

Figure 7: Results for girls, sibling fixed effects models, father’s unemployment excluded from insult measure

Source: Own calculations based on data from Statistics Denmark
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between prenatal exposure and exposure during the first year, where the prenatal ex-
posure matters little (or even reduces the risk of the negative outcome in focus) and ex-
posure during the first year is strongly, positively correlated with a negative outcome. 
But a striking difference between Figure 3 and Figure 6 is that in general, coefficients 
presented in Figure 6 are larger and more precisely estimated (except for effects of 
insult exposure on cognitive outcomes). This may be an indication that the extensive 
exposure to the insult of father’s unemployment blurs the effects of rarer and poten-
tially more detrimental and stressing insults.

For girls, we also get larger and more precisely estimated coefficients, which leads 
to more clearly defined patterns (Figure 7). For instance, it now becomes clear how 
especially insult exposure at the time of puberty increases the risk of both disconnect-
edness and mental health hospitalization – the two overall measures of functioning 
that we expected to be most vulnerable to early insults. Also, there seem to be stronger 
effects of insults occurring during the sensitive period for cognitive skill formation on 
the math and language test – especially at the time where the growth of the prefrontal 
cortex is most rapid (age 6/7), thus providing stronger support for the second hypoth-
eses. Likewise it is now much clearer how the two indicators of antisocial behavior – or 
non-cognitive skills, drug use and crime – get affected by early insult exposure as well 
as by insult exposure occurring at the time of, but not before puberty. To some extent, 
this finding complies with hypothesis 3, even if the hypothesis specifies the expectation 
that the effect of insult exposure is also visible in the period leading up to puberty – 
which is not the case. Last, we also see that excluding father’s unemployment from the 
insult measure changes the relation between prenatal exposure and exposure during 
the first year for the two outcomes mental health hospitalization and drug use, such 
that they now follow the pattern observed among boys.

Overall this robustness check suggests that the pattern found in the original figures 
does not just reflect the effect of father’s unemployment on the 6 outcomes in focus, 
rather it is indicative of more overall effects of exposure to toxic stress in the form of 
environmental insults. Also the finding that especially very early and relatively late 
insult exposure is most consistently correlated with later adverse outcomes complies 
with existing empirical evidence (discussed earlier) on the effects of the timing of insult 
exposure.

Discussion and conclusion

The ambition of this paper has been to introduce the idea of differential effects of age 
at exposure to environmental insult on subsequent adverse outcomes. It has done so 
first by presenting the most commonly used theories in the literature on social risk/
environmental insult exposure and second, by giving a broad introduction to recent 
insights on how the brain develops in stages from conception to early adulthood and 
how exposure to toxic stress may interefere with development, and more so at specific 
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stages. Key here is the knowledge that exposure to environmental insults produces 
stress and that stress is a neurotoxin, that interferes with the “normal” brain devel-
opment by both causing cell death, and impacting epigenetic processes. And just as 
important, even though the brain is plastic, it is more so during sensitive periods. 
This means a) that exposure to environmental insults during specific stages in brain 
development may be more likely to impact brain cells and epigenetic processes, and b) 
that exposure to the same insult after the closing of the sensitive periods is not only less 
detrimental, but also that positive influences which occur here cannot just reverse the 
negative impacts that occurred during the sensitive period simply because the brain 
is less suseptible at these points in development. This then explains the negative long 
term impact of environmental insults taking place at specific stages in human develop-
ment.

The third contribution of the paper is the presentation of illustrative empirical 
evidence of how exposure to known environmental insults affects different types of 
later adverse outcomes, but with varying effects of age at exposure. This illustration 
does not produce strong empirical validations of the theoretical developments made 
in the paper, however, the strong correspondence between the estimated effects of 
risk exposure at specific ages and the 6 outcomes in focus in the empirical analyses is 
a non-ignorable indication that age of exposure matters – and that what I see is not 
random noise. While needing much more work, the empirical contribution is a first 
important step to working in a more stuctured manner with the hypothesis that age 
at insult exposure matters, both empirically and theoretically, in the literature on the 
short- and long-term consequences of exposure to negative insults from the immediate 
childhood social environment.

Perspectives

We are currently witnessing an slowly increasing interest among sociologists in the 
biological components of human behavior and social life, of which the toxic stress per-
spective is just one. And as I hope to have demonstrated in this paper, there is a lot to 
gain if sociologists acknowledge and use these perspectives, in terms of understanding 
some of the core processes in sociology. In my case, linking environmental insults – 
which have long been one of sociology’s key interest – to later adverse outcomes using 
the toxic stress perspective makes the clear contribution of providing a straightforward 
explanation of the mechanisms that transfer childhood disadvantages into short- and 
long-term child outcomes.

When combining these insights with the strong theories from the literature on en-
vironmental insults presented in the first part of this paper – Uri Bronfenbrenners 
Bioecological model of human development, cumulative risk theory and the family 
stress model – we get a powerful perspective for not only, as already covered by these 
theories, understanding what the important enviromental insults are in lieu of a spe-
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cific social and historical context, but also why they are important, why the timing of 
the insult exposure matters and why insult exposure has long-term consequences. This 
intergration allows for a more structured empirical analysis of insult exposure, and for 
a deeper theoretical understanding of the mechanisms behind the empirical findings.

This advancement will not only benefit the academic literature on environmental 
insults, but may provide a very useful point of departure for intervening against the 
negative consequences of such insult exposure. First, the knowledge that exposure to 
environmental insults may be more detrimental at some ages than others, may help 
reduce statistical discrimination of children who have experienced such insults outside 
of the sensitive periods. Second, and relatedly, it may help us to better target scarce 
resources for leviating the negative consequences of insult exposure, by improving our 
understanding of what subgroups of exposed children are most at need for interven-
tion.

Limitations and future work

The theoretical points made in this paper – and the subsequent discussions and em-
pirical applications – only scratches the surface of the aim that I pursue, of the impor-
tance of age at exposure to environmental insults. In particular, the description of the 
brain’s development is sketchy, and could benefit from much more indepth insights 
on exactly what goes on in the brain at specific stages. For instance I have left out the 
description of neurotransmitters (the chemicals and chemical producing proterties in 
the brain that transmit signals from one neuron to antoher by the use of synapses) and 
their maturation level at specific ages, which is a component in the brain that may 
potentially also mediate the effect of insult exposure. Also the crucial question of the 
origin of the observed gender differences in my empirical illustration deserves much 
more scrutiny (even if, as mentioned, the literature is not yet at a stage where that is 
possible).

In addition, the empirical analysis could be much more elaborate and may, for 
instance, benefit from being supplemented with insights from “softer” data sources, 
that contain more detailed and precise accounts of the timing of risk exposure (cf. the 
description of the more objective nature of the administrative data).

Last, the aim of this paper has been to increase the sociological awareness of the 
biological component of the adverse consequences of exposure to an environmental 
insult – not to downplay the importance of the social and historical contexts. A future 
version of the paper will discuss more throughly how socially or historically contingent 
variations in the perception of what an insult is may interact with the stress response 
to exposure to that particular insult.



37

References
Afifi, Tamara D., Granger, Douglas A., Joseph, Andrea, Dees, Amanda & Aldeis, Desiree 

(2015): The Influence of Divorce and Parents’ Communication Skills on Adolescents’ 
and Young Adults’ Stress Reactivity and Recovery. Communication Research, 42(7): 1009-
1042

Anacker, Christoph, O’Donnell, Kieran J. & Meaney, Michael J. (2014): Early life ad-
versity and the epigenetic programming of hypothalamic-pituitary-adreanal function. 
Journal of Clinical Neuroscience, 16: 321-333.

Andersen, Signe Hald (2013): Common Genes or Exogeneous Shock? Disentangling the 
Causal Effect of Paternal Unemployment on Children’s Scholling Efforts. European 
Sociological Review, 29(3): 477-488

Andersen, Signe Hald (2009): Unemployment and Subjective Well-being. A Question of 
Class? Work and Occupations, 36(1): 3-25

Andersen, Signe Hald & Wildeman, Christopher (2014): The Effect of Parental Incarcera-
tion on Children’s Risk of Foster Care Placement. Social Forces, 93(1): 269-298

Andersen, Susan L. (2003): Trajectories of brain development: point of vulnerability or 
window of opportunity? Neuroscience and Biobehavioral Reviews, 27: 3-18

Appleyard, K. Egeland, B, van Dulmen M. H & Sroufe, L. A. (2005): When more is not 
better: the role of cumulative risk in child behavior outcomes. Journal of Child Psychology 
and Psychiatry, 46(3): 235-245

Bagot, Rosemary C., Zhang, Tie-Yuan, Wen, Xianglan, Nguyen, Thi Thu Thao, Nguy-
en, Huy-Binh, Diorio, Josie, Wong, Tak Pan & Meaney, Michael J. (2012): Variations 
in postnatal maternal care and the epigenetic regulation of metabotropic glutamate 
receptor 1 expression and hippocampal function in the rat. PNAS, 109: 17200-17207

Brennan, Patricia A., Hammen, Constance, Andersen, Margaret J., Bor, William, Naj-
mam, Jake M. & Williams, Gail M. (2000): Chronicity, Severity, and Timing of Ma-
ternal Depressive Symptoms: Relationships With Child Outcomes at Age 5. Develop-
mental Psychology, 36(6): 759-766

Bronfenbrenner, Uri (1986): Ecology of the Familiy as a Context for Human Develop-
ment: Research Perspectives. Developmental Psychology, 22(6): 723-742

Bronfenbrenner, Uri (1979): The Ecology of Human Development: Experiments by Nature and 
Design. Cambridge MA: harvard University Press.

Bronfenbrenner, Uri & Morris, Pamela a. (2007): The Bioecological Model of Human 
Development. Handbook of Child Psychology. I: 14

Cabrera, Natasha J, Shannon, Jacqueline D. & Tamis-LeMonda, Catherine (2007): Fa-
ther’s influence on Their Children’s Cognitive and Emotional Development: From 
Toddlers to Pre-K. Applied Development Science, 11(4); 208-213

Carrion, Victor G., Weems, Carl F. & Reiss, Allan L. (2007): Stress Predicts Brain Chang-
es in Children: A Pilot Longitudinal Study on Youth Stress, Posttraumatic Stress Dis-
order, and the Hippocampus. Pediatrics, 119:

Casey, BJ., Jones, Rebecca M. & Sommerville, Leah H. (2011): Braking and Accelearting 



38

of the Adolescent Brain. Journal of Research on Adolescence, 21(1): 21-33
Cicchetti, D. & Lynch M. (1993): Toward an ecological/transactional model of commu-

nity violence and child maltreatment: Consequences for children’s development. Psy-
chiatry, 56:96–118.

Cicchetti, Dante & Rogosch, Fred A. (2002): A Developmental Psychopathology Perspec-
tive on Adolescence. Journal of Consulting and Clinical Psychology, 70(1): 6-20.

Chugani, Harry (1998): A Critical Period of Brain Development: Studies of Cerebral Glu-
cose Utilization with PET. Preventive Medicine, 27: 184-188

Conger, Rand D., Ge, Xioaojia, Elder, Glen H., Jr, Lorenz, Frederick O. & Simons, Ron-
ald L. (1994): Economic Stress, Coercive Family Process, and Developmental Prob-
lems of Adolescents. Childe Developmentk (̧65(2): 541-561

Corbo, Vincent, Salat, David H., Amick, Melissa M., Leritz, Elizabeth, Milberg, William 
P., & McGlinchey, Regina E. (2014): Reduced cortical thickness in veterans exposed to 
early life trauma. Psychiatry Research: Neuroimaging, 223(2): 53-60

De Bellis, Michael D. & Keshavan, Matcheri S. (2003): Sex differences in brain matura-
tion in maltreatment-related pediatric posttraumatic stress disorder. Neuroscience and 
Biobehavioral Reviews, 27: 103-117

Dowdney, Linda (2000): Annotation: Childhood Bereavement Following Parental Death. 
The Journal of Child Psychology and Psychiatry and Allied Disciplines, 41/7): 819-830

Elder Jr., Glen H. (1974): Children of the Great Depression. Chicago: University of Chicago 
Press

Elder Jr., Glen H. (1975): Age Differentiation and the Life Course. Annual Review of Sociol-
ogy, 1: 165-190

Elder Jr., Glen H. & Rockwell, Richard C. (1979): The life-course and human develop-
ment: an ecological perspective. International Journla of Behavioral Development, 2: 1-21.

Essex, Marilyn, J., Klein, Marjorie H., Cho, Eunsuk & Kalin, Ned H. (2002): Maternal 
sterss beginning in infancy may sensitize children to later stress exposure; effects on 
cortisol and behavior. Biological Psychiatry, 52(8): 776-784.

Evans, Gary & Kim, Pilyoung (2007): Child Poverty and Health. Cumulative Risk Expo-
sure and Stress Dysregulation. Psychological Science, 18(11): 953-957

Fish, Eric W., Shahrokh, Dara, Bagot, Rose, Caldji, Christian, Bredy, timothy, Szyf, 
Moshe & Meaney, Michael J. (2004): Epigenetic Programming of Stress Responses 
through Variations in Maternal Care. Annals of the New York Academy of Sciences, 1036: 
167-180

Flouri, E (2008) ‘Contextual risk and child psychopathology’, Child Abuse and Neglect, 32, 
pp. 913-917.

Fox, Sharon E., Levitt, Patt & Nelson III, Charles A. (2010): How the Timing and Quality 
of Early Experiences Influence the Development of Brain Architecture. Child Develop-
ment, 81(1): 28-40

Freud, Sigmund (1991): On Sexuality: Three Essays on the Theory of Sexuality and Other Works. 
Penguin Books, Limited.



39

Fuhrmann, Delia, Knoll, Lisa J. & Blakemore, Sarah-Jayne (2005): Adolescence as a Sen-
sitive Period of Brain Development. Trends in Cognitive Sciences, 19(10): 558-566

Garmezy, N. (1985). Stress-Resistant Children: The Search for Protective Factors. In J. E. 
Stevenson (Ed.), Recent Research in Developmental Psychopathology: Journal of Child Psychology 
and Psychiatry Book Supplement, No. 4 (pp. 213-233). Oxford: Pergamon.

Geller, Amanda, Cooper, Carey E., Garfinkel, Irwin, Schwartz-Soicher, Ofira & Mincy, 
Ronald B. (2012): Beyond Absenteeism: Father Incarceration and Child Development. 
Demography, 49(1): 49-76

Geller, Amanda, Garfinkel, Irwin & Western, Bruce (2011): Paternal Incarceration and 
Support for Children in Fragile Families. Demography, 48 (1): 25-47

Giedd, Jay N. Blumenthal, Jonathan, Jeffries, Neal O., Castellanos, F. X., Liu, Hong, 
Zijdenbos, Alex, Paus, Tomás, Evans, Alan C. & Rapoport, Judith L. (1999): Brain 
development during childhood and adolescence: a longitudinal MRI study. Nature Neu-
roscience, 2(10): 861-863

Glueck, Sheldon & Glueck, Eleanor (1950): Unraveling juvenile delinquency. Cambridge MA: 
Harvard University Press

Glueck, Sheldon & Glueck, Eleanor (1950): Delinquents and non-delinquents in perspective. 
Cambridge MA: Harvard University Press

Goodman, Sherryl & Gotlib, Ian H. (1999): Risk for Psychopathology in the Children 
of Depressed Mothers: A Developmental Model for Understanding Mechanisms of 
Transmission. Psychological Review, 106(3): 458-490

Gunnar, Megan R., Talge, Nicole M. & Herrera, Adriana (2009): Stressor paradigms in 
developmental studies: What does and does not work to produce mean incraeses in 
salivary cortisol. Psychoneuroendocriology, 34(7): 953-967

Halligan, Sarah L., Murray, Lynne, Martins, Carla & Cooper, Peter J. (2007): Maternal 
depression and psychiatric outcomes in adolescent offspring: A 13-year longitudinal 
study. Journal of Affective Disorders, 97: 145-154.

Hammen, Constance & Brennan, Patricia A. (2003): Severity, Chronicity, and Timing of 
Maternal Depression and Risk for Adolescent Offspring Diagnoses in a Community 
Sample. Arch Gen Psychiatry, 60: 253-258

Hasselt, Felisa N. van, Cornelisse, Sandra, Zhang, Tie Yuan, Meaney, Miochael J., Velz-
ing Els H., Krugers Harm J. & Jöels, Marian (2012): Adult Hippocampal Glucocor-
ticoid Receptor Expression and Dentate Synaptic Plasticity Correlate With Maternal 
Care Received by Individuals Early in Life. Hippocampus, 22: 255-266.

Hodel, Amanda S., Hunt, Ruskin H., Cowell, Raquel A., Van Den Heuvel, Sara E., 
Gunnar, Megan R., & Thomas, Kathleen M. (2014): Duration of Early Adversity and 
Structural Brain Development in Post-Institutionalized Adolescents. Neurolmage, in 
press, DOI: 10.1016/j.neuroimage.2014.10.020

Hutchinson, Elizabeth D. (2014): Dimensions of Human Behavior: The Changing life course. 
SAGE

Keding, Taylor J. & Herringa, Ryan J. (2014): Abnormal Structure of Fear Circuitry in Pe-



40

diatric Post-Traumatic Stress Disorder. Neuropsychopharmacology, in press. doi:10.1038/
npp.2014.239

Knudsen, Eric I., Heckman, James J., Cameron, Judy L. & Shonkoff, Jack P. (2006): 
Economic, Neurobiological, and Behavioral Perspectives on Building America’s Fu-
ture Workforce. Proceeding of the National Academy of Sciences of the United States of America, 
103(27): 10155-10162

Knudsen, Eric I. (2004): Sensitive Periods in the Development of the Brain and Behavior. 
Journal of Cognitive Neuroscience, 16(8): 1412-1425

Kuramoto, S. Janet, Runeson, Bo, Stuart, Elizabeth A., Lichtenstein, Paul & Wilcox, 
Holly C. (2013): Time to Hospitalization for Suicide Attempt by the Timing of Paren-
tal Suicide during Offspring Early Development. JAMA Psychiatry, 70(2): 149-157

Labonté, Beoit, Suderman, Matt, Maussion, Gilles, Navaro, Luis, Yerko, Volodymyr, Ma-
har, Ian, Bureau, Alexandre, Mechawar, Naguib, Szyf, Moshe, Meaney, Michael & 
Tureki, Gustavo (2912): Genome-wide Epigenetic Regulation by Early-Life Trauma. 
Archives of General Psychiatry, 69(7): 722-731

Landecker, Hannah & Panofsky, Aaron (2013): From Social Structure to Gene Regula-
tion, and Back: A Critical Introduction to Environmental Epigenetics for Sociology. 
Annual Review of Sociology, 39: 333-357

Laub, John H. & Sampson, Robert J. (2003): Shared Beginnings, Divergent Lives. Delinquent 
Boys to Age 70. Cambridge MA: Harvard University Press.

Lee, Dohoon & McLanahan, Sara (2015): Family Structure Transitions and Child De-
velopment: Instability , Selection, and Population Heterogeneity. American Sociological 
Review, 80(4): 729-763

Lupien, Sonia J., McEwen, Bruce S., Gunnar, Megan R. & Heim, Christine (2009): Ef-
fects of stress throughout the lifespan on the brain, behaviour and cognition. Nature 
reviews Neuroscience, 10: 435-445

Lupien, Sonia J, King, Suzanna, Meaney, Michael J. & McEwen, Bruce S. (2000): Child’s 
Stress Hormone Levels Correlate with Mother’s Socioeconomic Status and Depressive 
State. Biological Psychiatry, 48: 976-980

Lyons- Ruth, Karlen (1996): Attachment Relationships Among Children With Aggressive 
Behavior Problems: The Role of disorganized Early Attachment Patterns. Journal of 
Consulting and Clinical Psychology, 64(1):64-73

Maccari, S., Darnaudery, M., Morley-Fletcher, Zuena, A. R., Cinque C., Reeth O. Van 
(2003): Prenatal stress and long-term consequences: implications of glucocorticoid hor-
mones. Neuroscience and Biobehavioral Reviews, 27: 119-127.

McEwen, Craig A. & McEwen, Bruce S. (2017): Social Structure, Adversity, Toxic Stress, 
and Intergenerational Poverty: An Early Childhood Model. Annual Review of Sociology, 
43: 29.1-29.28

Mead, George H. (1934): Mind, Self, and Society. Chicago: University of Chicago Press
Meaney, Michael J. (2001): Maternal Care, Gene Expression, and the Transmission of 

Individual Differences in Stress reactivity Across Generations. Annual Review of Neuro-



41

science, 24: 1161-1192
Mergenthaler, Philipp, Lindauer, Ute, Dienel, Ferald A. & Meisel, Andreas (2013): Sug-

ar for the brain: the role of glucose in physiological and pathological brain function. 
Trends in Neuroscience, 36(10): 587-597

Mertz, Mikkel & Andersen, Signe Hald: The Intergenerational Transmission of Foster 
Care Experiences. Forthcoming in British Journal of Social Work

Mintz, Steven (2004): Huck’s Raft: A History of American Childhood. Cambridge: Harvard 
University Press

Mintz, Steven (2015): The Prime of Life. Cambridge: Harvard University Press
Mitchell, Colter, McLanahan, Sara, Notterman, Daniel, Hobcraft, John, Brooks-Gunn, 

Jeanne & Garfinkel, Irwin (2015): Family Structure Instability, Genetic Sensitivity, 
and Child Well-Being. American Journal of Sociology, 120(4): 1195-1225

Montessori, Maria (1966): The Human tendencies and Montessori Education, Amsterdam: As-
sociation Montessori Internationale.

Montessori, Maria (1967): The Absorbent Mind: New York: Delta
Montessori, Maria (1992): Education and Peace, Oxford: ANC-Clio
Montessori, Maria (1994): From Childhood to Adolescence, Oxford, England: ABC-Clio
Murray, J. & Farrington, David P. (2008): The effects of parental imprisonment on chil-

dren. Crime Justice, 37(1): 133-206
Nagy, C. & Turecki, G. (2012): Sensitive periods in epigenetics: bringing us closer to com-

plex behavioral phenotypes. Epigenomics, 4: 445-457
Nelson, Charles A. (2000): “The Neurobiological Bases of Early Intervention” in Shonkoff, 

Jack P. & Maisels, Samuel J. (eds.): Early Childhood Intervention. Cambridge: Cambridge 
University Press.

Nesmith, A. (2006) ‘Predictors of Running Away from Family Foster Care’, Child Welfare, 
85(3): 585-609

Perry, Bruce D. & & Pollard, Ronnie (1997): Altered brain development following global 
neglect in early childhood. Society for Neuroscience: Proceedings from Annual Meeting, New 
Orleans

Perry, Bruce D., (2002): Childhood Experience and the Expression of genetic Potential: 
What Childhood Neglect Tells Us About Nature and Nurture. Brain and Mind, 3: 79-
100

Pfeifer, Jennifer H. & Allen, Nicholas B. (2012): Arrested development? Reconsidering 
dual-system models of brain function in adolescence and disorders. Trends in Cognitive 
Science, 16 (6): 322-329

Piaget, Jean (1936): Origins of intelligence in the child. London: Rothledge & Kegan Paul
Purves, D., Augustine, G. J., Fitzpatrick D. et al. (eds.): Neuroscience. Sunderland, MA: 

Sinauer Associates
Qiu, A., Rifkin-Graboi, A., Chen, H, Chong, Y-S., Kwek, K, Glueckman, P. D., Fortier, 

M. V., & Meaney, M. J. (2013): Maternal anxiety and infants’ hippocampal develop-
ment: Timing matters. Translational Psychiatry, 1-7



42

Raine, Adrian (2013): The Anatomy of Violence. The Biological Roots of Crime. New York: Pan-
theon Books.

Robert, M. & Hanaway, J. (1970): Atlas of the Human Brain in Section. Philadelphia, PA: Lea 
and Febiger.

Robinson, Monique, Mattes, Eugen, Offy, Wendy H., Pennell, Craig E. Eekelen, Anke 
van, Mclean, Niel J., Jacoby, Peter, LI, Jianghong, Klerk, Nicholas H. de, Zubrick, 
Stephen R., Stanley, Fiona J., & Newham, John P. (2011): Prenatal stress and risk of 
behavioral morbidity from age 2 to 14 years: The influence of the number, type and 
timing of stressfull life events. Development and Psychopathology, 23(2): 507-520

Roth, Tania L. & Sweatt, J. David (2011): Epigenetic mechanisms and environmental 
shaping of the brain durin gsensitive periods of development. The Journal of Child Psy-
chology and Psychiatry, 52(4): 398-408

Ruby, Eugene, Polito, Stephanie, McMahon, Kevin, Gorovitz, Marisa, Corcoran, Cheryl 
& Malaspina, Dolores (2014): Pathways Associating Childhood Trauman to the Nero-
biology of Schizophrenia. Frontiers in Psychological and Behavioral Science, 3(1): 1-17

Ruigrok, Amber N. V., Salimi-Khorshidi, Gholamreza, Lai, Meng-Chuan, Baron-Co-
hen, Simon, Lombardo, Michael V., Tait, Roger J. & Suckling, John (2014): A me-
ta-analysis of sex differences in human brain structure. Neuroscience and Biobehavioral 
Review, 39(100): 34-50

Rutter, M. & Rutter M. (1993): Developing Minds: Challenge and Continuity Across the 
Life Span.

Rutter, Michael (1979): Maternal Deprivation, 1972-1978: New Findings, New Concepts, 
New Approaches. Child Development, 50(2): 283-305

Sampson, Robert J. & Laub, John H. (1993): Crime in the Making. Pathways and Turning Points 
through Life. Cambridge MA: Harvard University Press.

Sameroff A.J. & Chandler M.J. (1975): Reproductive risk and the continuum of caretak-
ing casualty. In: Horowitz F. D., Hetherington E.M., Scarr-Salapatek S., Siegel G.M. 
(eds.): Review of child development research. Chicago: University of Chicago Press.

Sameroff, A. J., Seifer, R., Barocas, R., Zax, M. & Greenspan, S. (1987). Intelligence 
quotient scores of 4-year-old children: Social-environmental risk factors. Pediatrics, 79, 
343-350.

Scherf, K. Suzanne, Smuth, Juahus M. & Delgado, Mauricio R. (2013): The Amygdale: 
An Agent of Change in Adolescent Neural Networks. Hormones and Behavior, 64(2): 298-
313

Shaw, P., Eckstrand, K., Sharp, W., Blumenthal, J., Lerch, J. P., Greenstein, D., Clasen, 
L., Evans, A., Giedd, J., & Rapoport, J. L., (2007): Attention-deficit/hyperactivity dis-
order is characterized by a delay in cortical maturation. PNAS, 104(49): 19649-19654

Shonkoff, Jack P., Garner, Andrew S. and the Committee on Psychosocial Aspects of 
Child and Family Health, Committee on Early Childhood, Adoption, and Dependent 
Care, and Section on Developmental and Behavioral Pediatrics (2012): The Lifelong 
Effects of Early Childhood Adversity and Toxic Stress. Pediatrics, 129(1): e232-e246.



43

Shonkoff, Jack P. & Marshall, Paul, C. (2000): “The Biology of Developmental Vulner-
ability” in Shonkoff, Jack P. & Maisels, Samuel J. (eds.): Early Childhood Intervention. 
Cambridge: Cambridge University Press.

Sowell, Elizabeth R., Thompson, Paul M., Leonard, Christianan M., Welcome, Suzanne 
E., KAn, Eric & Toga, Arthur W. (2004): Longitudinal Mapping of Cortical Thickness 
and Brain Growth in Normal Children. The Journal of Neuroscience, 24(38): 8223-8231.

Stankiewicz, Adrian M., Swiergiel, Artur H. & Lisowski, Pawel (2013): Epigenetics of 
stress adaptations in the brain. Brain Research Bulletin, 98: 76-92

Stephens, Mary Ann C. (2012): Stress and the HPA Axis. Alcohol research: Current Reviews, 
34(4): 468-483

Steven, Ann Huff & Schaller, Jessamyn (2011): Short-run effects of parental job loss on 
children’s academic achievement. Economics of Education Review, 30(2): 289-299

Stiles, Joan & Jernigan, Terry L. (2010): The Basics of Brain Development. Neuropsycholog-
ical review, 20: 327-348.

Strohschein, Lisa (2005): Parental Divorce and Child Mental Health trajectories. Journal 
of Marriage and Family, 67(5): 1286-1300

Strom, Sara (2003): Unemployment and families: a review of research. The Social Service 
Review, 77: 399-430

Teicher, Martin H., Andersen, Susan L., Polcari, Ann, Anderson, Carl M, Navalta, Car-
ryl P. & Kim, Dennis M. (2003): The neurobiological consequences of early stress and 
childhood maltreatment. Neuroscience and Biobehavioral Reviews, 27: 33-44.

Thompson, Ross A. (2014): Stress and Child Development. The Future of Children, 24(1): 
41-59

Uylings, H. B. M. (2006): Development of the Human Cortex and the Concept of “Criti-
cal” and “Sensitive” Periods. Language learning, 56(1): 59-90.

Thompson, Paul M., Giedd, Jay N., Woods, Roger P., MacDonald, David, Evans, Alan C. 
& Toga, Arthur W. (2000): Growth patterns in the developing brain detected by using 
continuum mechanical tensor maps. Nature, 404: 190-193. 

Ursache, Alexandra, Noble, Kimberly G. & Blair, Clancy (2015): Socioeconomic Status, 
Dubjectiv Social Status, and Perceived Stress: Associations with Stress Physiology and 
Executive Functioning. Behavioral Medicine, 41(3): 145-154

Wakefield, Sara & Wildeman, Christopher (2013): Children of the Prison Boom: Mass Incarcera-
tion and the Future of American Inequality. New York. NY: Oxford University Press.

Walsh, Anthony (2014): Biosociology. Bridging the Biology-Sociology Divide. London: Transac-
tion Publishers

Werner, E. E., & Smith, R.S. (1982).
Vulnerable but invincible: A longitudinal study of resilient children and youth. New York: McGraw 

Hill.
Werner, E. E., & Smith, R.S. (1992).
Overcoming the odds: High-risk children from birth to adulthood. Ithaca, NY: Cornell University 

Press.



44

Wildeman, Christopher & Western, Bruce (2010): Incarceration in fragile families. Future 
Child, 20(2): 157-177

Wildeman, Christopher & Andersen, Signe Hald: The Impact of Paternal Incarcera-
tion on Children’s Risk of Arrest by Early Adulthood: Evidence from a Danish Policy 
Shock. Forthcoming in Criminology

Zhang, Li I. & Poo, Mu-ming (2001): Electrical activity and development of neural cir-
cuits. Nature Neuroscience, 4: 1207-1214

Zhang, Tie Yuan, Laboneté, Benoit, Wen, Xiang Lan, Turecki, Gustavo & Meaney, Mi-
chael J. (2013): Epigenetic Mechanisms for the Early Environmental regulation of 
Hippocampal Glucocorticoid Receptor Gene Expression in Rodents and Humans. 
Neuropsychopharmacology, 38: 111-123.


